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本研究通过厦门大学近海海洋环境科学国家重点实验室的 Nu Plasma MC - 






新数据补充。本研究测得了南海 6 个站位和西北太平洋 1 个站位水柱中 232Th、
230Th 的含量。 
其中，南海溶解态过剩 230Th 的浓度范围是 2.24-93.53 fg/kg，溶解态 232Th
的浓度范围是 113.54-921.74 pg/kg，两者皆高于北太平洋，与其他边缘海及北冰






在西北太平洋 A5 站位，溶解态过剩 230Th 的浓度范围是 1.29-12.27 fg/kg，
与前人研究中北太平洋测得 230Th 浓度十分一致，其剖面分布也基本符合可逆清
除模型预测的线性规律。溶解态 232Th 的浓度范围是 248.24-408.46 pg/kg，比北
太平洋开阔大洋高 1 个数量级，与其他边缘海及北冰洋较为接近。其在 400-600m
水层中浓度较高于其他层位，而 230Th 浓度在该深度处略有过剩，是因为北太平
洋中层水团从来源地开阔大洋区带来的较高浓度 Th 同位素信号。本文选取
Okubo 等(2012)得到的清除 Th 的颗粒的全水柱平均沉降速率(S = 400 m/a)计算得


















南海站位的 K 值为 0.06-0.11，相对其他海域较小，可能是其颗粒组成造成






















Seawater samples were collected in Autumn 2013 from the South China Sea, 
Summer 2014 from the South China Sea, and Spring 2014 from the western North 
Pacific for the analysis of Th concentrations with a MC-ICP-MS (Muti-Collector 
Inductively Coupled Plasma Mass Spectrometry) method. The method is developed 
for high precision measurement of seawater U and Th concentrations and isotope 
ratios. The geochemical behaviors of Th in the South China Sea and the western 
North Pacific were then investigated. 
In the South China Sea, the contents of dissolved 230Th ranged from 2.24 to 
93.53 fg/kg, while the dissolved 232Th ranged from 113.54 to 921.74 pg/kg. Both of 
them were higher than the North Pacific, but similar to marginal seas and the Arctic 
Ocean. Most of the contents of 230Th in the upper water column are one order of 
magnitude higher than the open ocean, which may be resulted from the dissolved 
230Th supplyment of interstitial water. Here we also present unusual deficiencies of 
230Th in mesopelagic water (500-1000 m) in the South China Sea. Compared to the 
model-predicted 230Thxs(total 230Th-average terrigenous 230Th) distribution from the 
RSM line, the measured 230Thxs showed relatively uniform distribution and is in 
deficit. The most probable explanation for the 230Th deficit in the mesopelagic water 
is an enhanced scavenging effect by the particles supplied from the lateral sediment 
transport, probably via the South China Sea meridional circulation. 
In the western North Pacific, the concentrations of dissolved 230Thxs ranged from 
1.29 to 12.27 fg/kg. The measured 230Thxs agreed with the model-predicted 230Thxs 
distribution from the RSM line, and showed liner distribution. The concentrations of 
dissolved 232Th ranged from 248.24 to 408.46 pg/kg, which were one order of 
magnitude higher than that of open ocean, the same order with that of the Arctic 
Ocean.  
We obtained the residence time (7.2 a) of 230Th by calculation according to the  















while the residence time was 15.6a at 2000m water depth. The short residence time 
indicated the high eliminating rate in the Pacific coast. Besides, the terrestrial input 
flux in the western North Pacific was 4.63 g·m-2·a-1 which reflected the significant 
influence by dust deposition from the coast toward the ocean.  
The K value in the SCS ranged from 0.06 to 0.11, which is slightly lower than 
the other seas, possibly caused by particle composition, and need to explore it further. 
The terrestrial input flux in the SCS is 0.38 - 0.55 g·m-2·a-1 which is within the limits 
of fitted values from the atmospheric deposition model. However, it may be 
inapplicable in the case of particular condition such as extreme weather events when 
calculating terrestrial fluxes in China marginal seas. Therefore, we need more 
observed values to calculate terrestrial fluxes realistically. 
 


















232Th 及 235U 开始，经过多次 α 和 β 衰变，最后生成稳定的铅同位素(图 1.1)。Th
由 Jōns Jakob Berzelius 于 1828 年首先发现。自然界中存在的天然 Th 同位素共有
六种，分别为 234Th、232Th、231Th、230Th、228Th 和 227Th，它们的半衰期分别为
24.1d、1.14×1010a、25.6h、7.558×104a、1.91a 和 18.17d(Jaffey 等，1971；Cheng
等，2013)，其中 232Th 的天然丰度接近 100%。 
海洋环境中，Th 具有强的颗粒活性，易于从水体吸附到颗粒物上，随颗粒
物的沉降而在底层沉积物中埋藏(Bourdon 等，2003)。230Th 在海洋学上的应用十
分广泛，有如利用 232Th 和 230Th 来源不同的特性，评估陆源向海洋的输入通量
(Woodard 等，2012；Hayes 等，2013a)；示踪边界清除、颗粒动力学以及平流作
用(Anderson 等，1983；Moran 等，1997)；及通过海水和海底沉积物中 230Th/231Pa
的比值评估大洋环流的强弱(Yu 等，1996；Mc Manus 等，2004)。 
1.2 海洋中 Th 的地球化学行为 
在海洋环境中，Th 主要以+4 价氧化态 Th(OH)4 存在(Langmuir 和 Herman，
1980)，若不考虑结晶度，其在水中的溶解度约为 10-9mol/L(Neck 等，2003)，被
认为是颗粒活性较强的元素。Th 的几种常见的同位素中，232Th 主要以岩源矿物
的形式进入海洋，而 234Th、230Th 和 228Th 分别来自海洋 238U、234U 和 228Ra 的现
场 α 放射性衰变(图 1.1)。由于海洋中 U 的储量及其同位素组成在过去的几千年
保持恒定(Henderson，2002)，故 234Th、230Th 的产生速率恒定。 
作为颗粒活性的核素，230Th 自海水中经母体核素 234U 衰变产生之后，易于
吸附在颗粒物表面，随着颗粒物的沉降从水体清除或迁出，最终埋藏至海底沉积
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